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Vascularised Muscular Flaps and Arterial Graft Infection in the Groin
I. M. Williams1, M. A. P. Milling2 and A. A. Shandall1
Department of 1Surgery and 2Plastic Surgery, Royal Gwent Hospital, Cardiff Road, Newport,
Gwent NP20 2UB, Wales, U.K.
The groin is the commonest site for graft infections in vascular surgery. This is a potentially catastrophic situation as limb
loss or even death occurs in a large percentage of cases. Standard teaching for treatment of infected vascular grafts is
removal and extra anatomical bypass grafting whilst commencing appropriate antibiotics. This review article suggests
careful scrutiny of the wound, debridement and coverage of the graft with a vascularised muscular flap is appropriate in
certain situations.
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Introduction
Arterial graft infection in the groin is fortunately rare
but has a high morbidity and mortality rate.1 The
accepted treatment for vascular graft infections in
this area includes use of appropriate systemic antibio-
tics, removal of the infected graft and autologous or
extra-anatomical bypass.2,3 Prosthetic grafts are more
prone to infection than autologous tissue although
vein grafts can haemorrhage catastrophically when
infected with gram negative organisms.4 More impor-
tantly, in recent years there has been an exponential
increase in the incidence of bypass grafts infected with
methicillin resistant Staphylococcus aureus (MRSA).5
The groin is the commonest site for graft infections
in vascular surgery for many reasons. These include
the close proximity to the perineum, the relatively
superficial lie of the graft, undermining skin edges in
arterially compromised patients and possible division
of lymphatic channels during dissection. It is impor-
tant to differentiate post operative superficial simple
wound infections from the more sinister deeper peri-
graft infections. Szilagy classified infected wounds
into three categories which was further modified by
Koenig and von Dongen depending on the presence
of secondary complications such as haemorrhage,
graft thrombosis and sepsis.6,7
Classification
This classification of the infected wound is important
because it dictates further management. Assessment
of the suprainguinal region is essential if aorto±
femoral surgery has previously been performed.
Radiological investigations include computerised
tomography, white cell scanning and arteriography.
If pus is seen surrounding and extending the whole
length of the aortic graft then the optimum procedure
would be graft excision and extra anatomic bypass.
Hence classification of the groin infection into
whether it is infra or suprainguinal is crucial to its
future management plan.
Treatment
Initial treatment is to culture any pus and commence
appropriate antibiotics. Surgical debridement should
not be compromised for fear of exposing the vascular
graft or creating a wound which may be considered
difficult to heal. Involvement of the suture line caus-
ing severe haemorrhage needs graft removal as does
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the physiologically unwell patients with continued
systemic sepsis despite wound debridement.
The option of retention and coverage of infected
arterial grafts is at odds with the surgical principle of
avoiding closure of a contaminated wound. However,
there is evidence that musculocutaneous flaps can
reduce bacterial counts and increase phagocytic acti-
vity locally and their use is common place in the
management of acute wounds, osteomyelitis and for
covering orthopaedic prostheses.8±10 A vascularised
muscle flap also provides a favourable bed for a skin
graft and increases the delivery of oxygen and anti-
biotics to the area.11±14
Vascularised Muscular Flaps ± Initial Studies
and Principles
Ralph Ger was one of the first to popularise the idea
of muscular flaps to protect traumatic wounds and
described the use of a muscle flap to cover vascular
repairs.15,16 This work was followed by McGraw et al.
and Mathes et al. who led advances in the understand-
ing of the anatomy of musculocutaneous flaps in
1977.17,18
When infection occurs in the presence of a foreign
body such as a vascular graft or an orthopaedic pros-
thesis then its survival is in doubt. In the past many
believed it is impossible to eliminate the infection
without removing the prosthesis. The fear of infection
in joint replacement surgery has led to the routine use
of perioperative antibiotics, antibiotic impregnated
bone cement and the use of more efficient clean air
systems. Despite these measures infection still occurs.
Laing et al. showed it is possible to salvage infected
and exposed knee prostheses by the use of vascu-
larised muscle and musculocutaneous flaps.19 He
also suggested a classification of the open wounds
which is similar in principle to the classifications of
Szilagy and Koenig von Dongen. If the prosthesis is
colonised by bacteria the hopes of retrieval are much
less. For this reason the group recommended debride-
ment and closure of the wound as soon as practicable.
The Literature
For the purposes of this review article the literature
has been scrutinised to assess which organisms have
been cultured from arterial graft infection in the groin
and which vascularised flaps have been used to treat
them. Invariably the early studies incorporated few
patients and were treated on an almost ad hoc basis
with little in the way of long term results. Later
studies incorporated larger cohorts of patients and in
many cases follow up of several years with encoura-
ging results irrespective of which vascularised mus-
cular flap was used. The recent literature documents
the worrying and well documented increase in MRSA
graft infection. There is evidence from these studies
vascularised flaps to treat MRSA in the groin has
mixed long term results and careful planning is
needed when this bacteria is cultured.
Table 1 lists the various vascularised flaps used and
the organisms cultured from the infected wounds and
probably the commonest bacteria cultured is Staphylo-
coccal aureus. Mixter et al. cultured this organism in
seven groin wounds with all healing following a rec-
tus femoris (6) and rectus abdominis (1) vascularised
flap.20 Evans et al. showed a fifty percent failure rate to
heal infected groin wounds if culture of the wound
was positive.21 The dangers of vascularised muscular
flaps with MRSA has been documented with high
reinfection rates and ultimately mortality rates.5,22
Taylor suggested those patients with MRSA infection
and significant associated comorbid factors such as
diabetes mellitus and steroid dependency should
undergo graft excision as a first line measure.
Specific Vascularised Muscular Flaps
Rectus femoris
Many series have demonstated good evidence for the
use of the rectus femoris muscle as a vascularised flap
for the groin. The rectus femoris is bulky, long and
with a wide arc of rotation it is a very mobile flap for
use as graft coverage.23±25 Unlike the segmental arter-
ial supply of the sartorius, the rectus femoris derives
its blood supply from the profunda femoris artery
(PFA). Mobilisation of the muscle is from distal to
proximal ensuring the proximal arterial inflow is pre-
served and provides good coverage over a large graft
area. Follow up studies performed have shown healed
groin wounds up to 8 years post operation.20 Occlu-
sive disease at the origin of the PFA may endanger
viability of the flap but it is rare to have a PFA occlu-
sion as well as the superficial femoral artery. However
preoperative angiography is essential prior to plan-
ning which vascularised flap may be used.
Sartorius
The sartorius is a frequently used muscle flap to cover
exposed arterial grafts in the groin. One of the earliest
reports concerned its use as a flap following lymph
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node dissection in 1948.26 The sartorius arises by ten-
dinous fibres from the anterior superior iliac spine,
crosses the thigh obliquely to the medial side and
terminates in an aponeurosis at the medial tibia
(Fig. 1). The simplest technique is sartorius myoplasty.
The enveloping fascia is divided longitudinally and
herniation of the muscle fibres occurs (Fig. 2). Mobil-
isation of the muscle to the medial aspect of the
femoral triangle can be performed and secured with
interrupted sutures.14 This myoplasty may not be
suitable for wounds requiring major debridement or
coverage up to the inguinal ligament and a full sartor-
ius transposition is required.
This is a common method of using the sartorius
muscle to cover an exposed graft in the groin. The
sartorius muscle is detached from its origin at the
superior iliac spine and transposed medially thereby
covering the artery and graft22,27,28 (Fig. 3). The key to
the durability of a sartorius flap is the arterial supply.
Unlike the single pedicle arterial supply of the rectus
femoris, the sartorius has a segmental arterial supply
by the superficial femoral, lateral circumflex arteries
and geniculate branches from the popliteal artery.29
These multiple branches enter the muscle at its
postero-medial aspect and transposition may render
the origin of the muscle ischaemic affecting tissue
viability. A documented but infrequently used tech-
nique is mobilisation of the lateral margin of the sar-
torius and twisting the muscle on its medial axis from
the lateral side. This `` twisting'' technique maintains
the arterial supply to the muscle by leaving the seg-
mental vessels undissected and provides excellent
wound coverage30±32 (Fig. 4).
A significant proportion of patients undergo bypass
procedures for stenotic or occlusive arterial disease.
For this reason the arterial supply to various muscles
and muscle groups may be precarious following
aorto-femoral grafting. The choice of muscle flap
Table 1. Historical data for vascularised flaps and graft infections.
Name Infecting
organism
Flap type Outcome Follow up
Mixter et al., 1989 S. aureus 4 Rectus femoris 16 1 Persistent wound infection 36 (4±102) months
17 groins S. aureus/Strep 1 Rectus abdominis 1
S. aureus/E. coli 1
S. aureus/Pseudomonas 1
Pseudomonas 2
Klebsiella 1
Mixed 2
Unknown 2
Gram ve/ve 2
Taylor et al., 1996 MRSA 6 Sartorius 3 Recurrent Infection (2, 4 20 weeks)
17 patients Gram ve 4 Sartorius 1, Tens fasc lata 1 Healed rec infection 4 weeks
No growth 2 Sartorius 1 Recurrent infection 2 weeks
Staph epid 2 Sartorius 1 Recurrent infection 8 weeks
Beta strep 1 Sartorius 1 Healed
? 2 Rectus abd 1 Healed
Bradly Meland et al., 1994 S. aureus 15 13 Rectus femoris 8 healed 41 (14±120) months
19 groins Coliforms 3 9 Sartorius 7 healed
Gram ve ve 6 1 Rectus abd 1 failed
No growth 2
Sladen et al., 1993 Gram ve (S epid) 4 19 Sartorius flaps All healed Up to 20 months
16 patients Gram ve 6
Mixed 5
Evans et al., 1993 S. aureus 8 3 Rectus femoris 9 healed, 6 failed
15 patients Strep 7 1 Tensor fascia lata (3 reflapped and healed)
Pseud 6 9 Rectus abdominis
E. coli 2 2 Sartorius
Candida 2
Serratia 2
Perler et al., 1991 Gram ve 2 5 Rectus abdominis All healed
8 groins Gramve 1 1 Gracilis (1 case redone with gracilis) 24 (12±51) months
Mixed 3 1 Tensor fascia lata
Maloney et al., 1989 Proteus Sartorius 1 Healed Unknown
7 patients E. coli 2
Diptheroids 2 Sartorius 1 Healed
S. epidermidis Sartorius 1 Healed
Pseudomonas Sartorius 1 Healed
St Faecalis Rectus Abd 1 Healed
Klebsiella Rectus Abd 1 Healed
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must be considered by angiography pre operatively to
determine the local blood supply and also the anato-
mical region to be covered.
Other vascularised muscular flaps
The rectus abdominis muscle is extremely mobile and
relies on an arterial supply from the inferior epigastric
artery.33,34 Other lesser used rotational flaps include
the gracilis and tensor fascia lata flaps which are sup-
plied by the medial and lateral femoral circumflex
arteries respectively.23,35 In the presence of occlusive
arterial disease these arteries may be occluded
and unable to support a vascularised flap after
mobilisation.
Proposals
There is substantial evidence from a number of centres
that graft preservation can be achieved by coverage
with a vascularised muscle flap. A variety of flaps can
be mobilised and rotated into position but as a general
Fig. 4. Sartorius twisted with segmental vessels intact.
Fig. 1. Normal anatomy of the femoral vessels and relation to
sartorius muscle.
Fig. 2. Sartorius myoplasty covering the vessels.
Fig. 3. Sartorius mobilised medially to cover vessels.
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rule florid systemic sepsis and significant suture line
haemorrhage needs wide debridement, removal of
graft and extra anatomical bypass grafting. Infection
with MRSA needs careful assessment and should be
considered at higher risk of failure and recurrent
infection if a vascularised flap and graft preservation
are performed. This is a very important consideration
these days as there are increasing numbers of MRSA
arterial graft infections. The treatment plan for Szilagy
grade 3 wound infections is dictated by the presence
of secondary complications. Local sepsis, an intact
anastomotic suture line and a patent graft are essential
features prior to graft salvage and wound coverage
with a rotational muscular flap. According to the pre-
vious classification systems the indications for vascu-
larised muscular flaps are Szilagy grade 3 and Koenig
von Dongen stage 1 and 2 infections. In high risk
patients, consideration should be given for prophylac-
tic coverage of prosthetic arterial grafts with a mus-
cular flap at the initial operation.
Conclusions
Nowadays, increasing numbers of vascular proce-
dures are performed and arterial graft infection is a
problem which is not decreasing. Early intervention to
provide coverage of the exposed but patent graft can
salvage prostheses. This demands early and accurate
assessment of the wound clinically, microbiologically
and radiologically and (if deemed suitable) appropri-
ate muscular flap coverage. Angiography is essential
to assess vessel patency and determine which
vascularised flap is appropriate.
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